Products generated from lipoprotein lipase (LpL)-mediated hydrolysis of triglyceride-rich lipoproteins (TGRL) are reported to increase endothelial layer permeability. We hypothesize that these increases in permeability result from the active rearrangement and dissolution of the junctional barrier in human aortic endothelial cells (HAEC), as well as induction of the apoptotic cascade. HAEC were treated with TGRL lipolysis products generated from co-incubation of human TGRL plus LpL. Measurement of transendothelial electrical resistance (TEER) demonstrated a time-dependent decrease in endothelial barrier function in response to TGRL lipolysis products. Immunofluorescent localization of ZO-1 showed radical rearrangement along cell borders after 1.5 hours of treatment with lipolysis products. A concurrent redistribution of F-actin from the cell body to the cell margins was observed via rhodamine phalloidin staining.
shown that this protein -unlike ZO-1-is not required to form structurally intact tight junctions (35, 36).
In the adherens junction, a family of Ca 2+ 9 separated by SDS-PAGE. The 11% T, 2.75% C running gel was overlaid with a 4% T, 2.75% C stacking gel and run at 4 ˚C on a Hoefer SE-600 vertical tank chamber (Hoefer Scientific Instruments, San Francisco, CA) at 10 mA for an average of 5.5 hours.
Proteins were then transferred onto 0.2 µm polyvinylidene difluoride (PVDF) membranes (Bio-Rad, Hercules, CA), blocked with 5% non-fat milk (Bio-Rad) for one hour and then probed with ZO-1 monoclonal mouse antibody (Zymed) (1/1,000), occludin polyclonal rabbit antibody (Zymed) (1/1000), VE-cadherin monoclonal mouse antibody (Santa 
Results

TGRL Lipolysis Products Increase Endothelial Cell Layer Permeability
To study the effect of lipolysis products on endothelial cell permeability we 
TGRL Lipolysis Products Induce Junctional Protein Rearrangement
To analyze the effect of lipolysis products on the distribution of the tight junction proteins ZO-1 and occludin as well as the adherens junctional protein VE-cadherin, we performed immunofluorescent staining.
For ZO-1, control cells exposed to cell culture medium, TGRL alone or LpL alone demonstrated smooth lines of continuous staining along cell-cell contacts (Fig.2 ).
Cells exposed to TGRL lipolysis products for 1.5 hours had discontinuity and irregularity of ZO-1 distribution at the intercellular junctions. In these cells ZO-1 rearranged from an uninterrupted band along cell borders into radially oriented sporadic aggregates.
A similar trend of rearrangement could be observed for VE-cadherin, although the effect seemed to be more pronounced for ZO-1. As for ZO-1, cells stained with anti-VEcadherin showed more discontinuous borders for monolayers treated with TGRL lipolysis products compared to the controls. Gaps between adjacent cells were visible.
In monolayers probed with anti-occludin antibody, we were unable to show localization of the junctional protein to the cell borders exclusively. Rather, we observed occludin distributed uniformly across cells as well along the cell margin. For monolayers treated with TGRL lipolysis products, occludin became centralized to the cell interior as cells retracted from each other.
TGRL Lipolysis Products Cause Disruption of the F-Actin Network
To examine the effects of lipolysis products on the cytoskeletal F-actin network,
we stained HAEC monolayers with rhodamine phalloidin. In cells treated with medium, TGRL alone or LpL alone actin fibers were mostly organized in peripheral dense bands and in actin stress fibers spanning throughout the cell body ( 
TGRL Lipolysis Products Cause ZO-1 Degradation
To assess the effect of lipolysis products on the expression of junctional proteins, we performed Western Blots probing for ZO-1, occludin, and VE-cadherin.
As shown in Bands staining for the protein occludin were observed at approximately 65 kDa (Fig. 4A) . Treatment with TGRL (T) alone, LpL (L) alone or TGRL+LpL for 1.5 hours (TL1.5) did not significantly alter band density compared to the medium control (Fig.   4B ). When cells were treated with TGRL lipolysis products for 3 hours, however, (TL3), occludin protein content was significantly reduced to 78% of medium control. In contrast to ZO-1, no band fragments of smaller molecular weight were detected for occludin.
Analysis of the adherens junctional protein VE-cadherin (bands observed at 130-90 kDa) by Western Blotting showed no significant or detectable change in top band density for any of the applied treatments ( Fig. 4A and 4B ).
To exclude the possibility of immuoreactivity of the antibody to lipolysis products directly, a control group was included for which TGRL plus LpL was incubated in flasks without cells and then processed and treated similar to other controls. As Fig.4 .A shows, no immunoreactivity of lipolysis products was detected to any of the tested antibodies (TL-).
TGRL Lipolysis Products Increase Caspase-3 Activity
To determine if TGRL lipolysis products could cause programmed endothelial cell death (apoptosis), we analyzed the cellular activity levels of caspase-3, an enzyme activated in apoptotic cells. Caspase-3 activity was measured by fluorimetric assay and Western blotting.
Analysis of cell extracts with a caspase-3 activity assay kit showed increased activation of the enzyme for cells treated with TGRL lipolysis products compared to cells treated with cell culture medium (M) (Fig.5A) . Activity started to increase slightly after 1.5 hours of treatment (TL1.5). After 3 hours of treatment with TGRL lipolysis products (TL3) activity was found to be maximal, having increased more than 10 times compared to control cells. The drop in activity after 4 hours of treatment with lipolysis products (TL4) was attributed to beginning of cell death and loss in function of the enzyme. Cell extracts from cells treated with TGRL alone or LpL alone showed no significant increase in caspase-3 activity compared to control cells.
Caspase-3, like all caspases, requires cleavage of the pro-enzyme to become activated. Activation can be determined by analyzing the cleavage of pro-caspase-3 into a 17 kDa and 12 kDa larger and smaller catalytic subunit. We were able to monitor those cleavage events via Western blotting (Fig. 5B) . (Fig. 3) .
Our results also indicate that the described destabilization of the tight and adherens junctions via VE-cadherin, occludin, but especially ZO-1 and F-actin rearrangement (first detected after 1.5 hours of treatment) occurs prior to the activation of the apoptotic cascade (significant activation after 2 hours of treatment). This observation might place new emphasis on the importance of the tight and adherens junctions and their cytoskeletal anchoring partners for maintenance of close cell-to-cell contacts and survival pathways, which prevent activation of the default death program.
In our studies, the induction of endothelial cell apoptosis, was evidenced by an increase in caspase-3 activity (Fig. 4 A) , as well as cleavage of the pro-caspase form into the smaller active subunits (Fig. 4B) . Our findings support the notion for a pro- Both ZO-1 and occludin bands were significantly reduced after 3 hours of treatment with lipolysis products (TL3) (to 26% and 78% of medium control respectively). VE-cadherin band density was not significantly altered. 
